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Introduction 

Although  the  risk  of  breast  cancer  in  African-American  women  is  lower  than  in 
Caucasian  women,  African-American  women  have  higher  breast  cancer  fatality  and  case-fatality 
rates(l).  The  disparity  in  breast  cancer  outcome  is  not  accounted  for  solely  by  differences  in 
stage  at  diagnosis  or  in  the  biologic  behavior  of  the  disease(2).  Differences  in  the  quality  of 
chemotherapy  received  by  African-American  women  may  provide  an  additional  explanation  for 
the  poorer  outcome  among  African-American  women.  Retrospective  analyses  suggest  the 
beneficial  impact  of  adjuvant  chemotherapy  on  disease-free  and  overall  survival  in  women  with 
breast  cancer  is  diminished  when  full  doses  of  therapy  are  not  received  (3;4).  The  current 
recommendation  is  that  patients  undergoing  adjuvant  chemotherapy  for  breast  cancer  receive  at 
least  80  to  85  percent  of  the  planned  doses  (5).  This  multicenter  study  focuses  on  the  clinical 
impact  of  suboptimal  dose/dose  intensity  in  women  with  HER-2/«ew-positive  tumors,  a  subgroup 
in  whom  optimal  chemotherapy  may  be  particularly  critical.  We  are  investigating  the  potential  of 
relative  chemotherapy  dose  (the  ratio  of  actual  to  predicted  doses)  and  dose  intensity  (which 
incorporates  time  to  completion  of  adjuvant  chemotherapy)  as  measures  of  quality  of  care.  This 
study  involves  review  of  treatment  records  of  subjects  who  have  received  chemotherapy  for 
breast  cancer  and  identification  of  the  HER-2/wew  oncogene  on  archival  tumor  specimens.  The 
primary  measures  of  chemotherapy  quality  (relative  dose  and  dose  intensity)  will  be  related  to 
the  subjects’  clinical  outcome.  The  ultimate  goal  of  the  project  is  to  design  interventions 
targeting  those  factors  that  lead  to  lower  dose  intense  chemotherapy  in  an  effort  to  eliminate 
disparities  in  the  quality  of  care  of  women  with  breast  cancer. 


Research  Progress 

Three  sites  are  participating  in  this  study  as  outlined  below.  Our  original  proposal  included  a 
fourth  site,  the  University  of  North  Carolina  at  Chapel  Hill,  but  that  site  was  not  able  to 
participate  due  to  administrative  reasons. 

Please  note  that  the  results  described  below  reflect  the  results  of  work  funded  both  by  the 
Department  of  Defense  and  the  Doris  Duke  Charitable  Foundation  (DDCF).  The  DDCF 
funded  the  initial  work  for  this  research  program.  Reporting  the  results  of  the  work  separately 
would  not  accurately  reflect  the  status  of  the  project. 

Eligible  subjects  are  women  who  were  treated  with  adjuvant  chemotherapy  for  stage  I,  II,  or  III 
breast  cancer  between  1985  and  2000.  Our  original  plan  was  to  enroll  a  total  of  500  subjects  at 
three  sites  between  1985  -  1995,  but  we  had  to  change  the  date  to  achieve  planned  subject 
numbers. 

As  of  the  date  of  this  report,  we  are  slightly  behind  schedule  according  to  the  approved 
Statement  of  Work  submitted  with  the  original  grant  application.  Relocation  of  die  Principal 
Investigator  at  Singing  River  Health  System,  Dr.  Raymond  Wynn  and  extensive  changes  in  the 
management  of  clinical  research  have  continued  to  delay  progress  at  this  site  as  described  below. 
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The  progress  made  for  each  task  in  the  Statement  of  Work  is  described  below: _ 

Task  1.  Identify  eligible  subjects  by  HER-2 tneu  staining  on  primary  tumor  samples  and 
begin  preparation  for  data  collection,  Months  1-12 

a.  Identify  500  eligible  subjects  at  the  three  participating  sites 

b.  Process  and  send  samples  for  staining  at  central  laboratory 

c.  Stain  and  interpret  HER-2/new  staining  in  African-American  subjects  and 
Caucasian  controls 

d.  Design  database  in  preparation  for  data  abstraction 


Identification  of  Subjects 

(Task  la) 

University  of  Rochester  (Rochester,  New  York) 

Using  the  Monroe  County  Tumor  Registry  and  direct  abstraction  from  chemotherapy  (medical 
oncology)  treatment  records,  we  have  identified  175  subjects  treated  for  primary  breast  cancer  at 
Strong  Memorial  Hospital  between  1985  and  2000.  Twenty- four  are  African-American,  and  151 
are  non-Hispanic  Caucasian.  Fifteen  of  the  175  subjects  are  not  eligible  due  to  receipt  of 
“sandwich  radiation”  (n  =  8),  primary  systemic  therapy  (n  =  4),  and  high-dose  (“transplant”) 
chemotherapy  (n  =  3).  Demographic  and  treatment  records  have  been  retrieved  and  preliminary 
data  collected  and  recorded  on  each  eligible  subject.  Tumor  blocks  for  all  primary  breast  tumors 
have  been  located  for  all  subjects  (see  Tasks  lb  and  lc,  below). 

Henry  Ford  Health  System  (Detroit,  Michigan) 

Of  100  African-American  and  100  Caucasian  patients  treated  for  primary  breast  cancer  between 
1990  and  1995  at  the  Henry  Ford  Health  System,  200  are  eligible  and  have  complete 
information.  (The  dates  of  inclusion  for  eligible  subjects  are  restricted  by  competition  for  tumor 
blocks  within  the  Henry  Ford  Health  System.)  Review  of  the  treatment  records  has  been 
completed  with  quality  checks  for  consistency  and  accuracy  of  the  data.  Tumor  blocks  for  85 
subjects  have  been  retrieved  as  of  the  date  of  this  report  (see  Tasks  lb  and  lc,  below,  for 
explanation  of  “missing”  blocks). 

Singing  River  Health  System  (Pascagoula,  Mississippi) 

Due  to  relocation  of  the  Principal  Investigator  at  this  site  (R.  Wynn)  to  Singing  River  and  major 
changes  in  the  procedures  required  for  approval  of  research  studies,  there  had  been  delays  in 
regulatory  approval  at  this  site.  Approval  by  the  Institutional  Review  Board  at  the  Singing  River 
Health  System  was  delayed  and  only  obtained  in  December  2001.  Identification  of  subjects  is 
complete,  and  data  abstraction  on  75  out  of  132  potentially  eligible  subjects  is  complete. 
Although  the  Tumor  Registry  identified  132  subjects,  57  were  ineligible  for  inclusion  because  of 
non-standard  chemotherapy  regimens  (n  =  12),  primary  chemotherapy  (n  =  6),  no  chemotherapy 
(n  =  5),  chemotherapy  given  elsewhere  (n  =  4),  second  breast  primary  (n  =  3).  Twenty-seven 
additional  patients  had  records  that  could  not  be  located. 
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Retrieval  and  Processing  of  Primary  Breast  Cancer  Tumor  Blocks 

(Tasks  lb  and  lc) 

University  of  Rochester  (Rochester,  New  York) 

Tumor  blocks  of  the  primary  breast  tumors  have  been  retrieved  and  processed  for  66%  of  the 
deceased  subjects  (deceased  n  =  58,  results  on  39,  blocks  obtained  and  results  pending  on  10 
more  who  have  died  in  the  past  year).  For  subjects  who  are  surviving  but  have  recurrent  disease 
(n  =  28),  most  have  had  HER-2/«e«  staining  performed  on  their  primary  tumors.  This  staining 
was  performed  (using  the  same  methodology  as  for  this  study)  solely  for  the  purposes  of 
appropriately  treating  their  recurrent  disease  according  to  clinical  practice  and  not  for  the 
purposes  of  this  or  any  other  research  project.  Appropriate  quality  control  is  in  place  at  the 
University  of  Rochester  for  HER-2  staining.  In  addition,  the  vast  majority  were  read/interpreted 
by  the  pathologist  involved  in  this  research  project. 

For  the  subjects  who  are  surviving  with  no  evidence  of  recurrent  disease  (n  =  74),  we  have 
obtained  informed  consent  from  38  subjects  to  perform  HER-2  staining  on  archival  tumor 
specimens  and  will  be  performing  the  staining  in  the  next  two  weeks.  Five  subjects  declined  to 
have  their  archival  specimens  stained.  We  have  yet  to  reach  an  additional  31  subjects  to  obtain 
informed  consent.  We  anticipate  that  we  will  have  informed  consent  from  the  remaining  subjects 
within  the  next  month.  As  specified  in  the  Annual  Report  for  2002,  we  had  planned  on  having 
interpretation  of  the  stained  slides  for  overexpression  of  HER-2/wew  by  the  middle  of  Year  3.  We 
are  planning  on  being  done  with  the  HER-2  staining  and  interpretation  within  the  next  1  to  2 
months. 

Henry  Ford  Health  System  (Detroit,  Michigan) 

Of  the  200  subjects  at  the  Henry  Ford  Health  System,  we  have  HER-2  results  on  archival  tumor 
in  49  subjects.  Tumor  blocks  for  85  subjects  have  been  retrieved  as  of  the  date  of  this  report. 
Nineteen  slides  had  no  tumor  on  them,  so  HER-2  staining  will  not  be  possible  on  these  samples. 
We  have  made  multiple  attempts  to  obtain  actual  tumor  without  success.  We  are  confident  that 
we  have  exhausted  every  possible  avenue.  We  have  17  additional  blocks  awaiting  re-staining  or 
interpretation.  Twenty-two  of  the  subjects  have  missing  tumor  blocks. 

Singing  River  Health  System  (Pascagoula,  Mississippi) 

As  described  above,  the  relocation  of  the  Principal  Investigator  at  this  site  (R.  Wynn)  to  Singing 
River  and  major  changes  in  the  procedures  required  for  approval  of  research  studies  led  to  delays 
in  regulatory  approval  at  this  site.  HER-2  staining  is  complete  on  46  of  the  60  subjects  for  whom 
we  have  tumor  blocks  available.  Twelve  tumor  blocks  have  results  pending.  Three  subject  slides 
had  no  tumor  on  the  slide.  The  remaining  15  subjects  do  not  have  tumors  available  at  the 
treatment  site. 

Database  Design 
(Task  Id) 

We  have  designed  and  refined  a  comprehensive  database  for  data  entry  for  subjects  in  this  study 
using  Access  97®  (Microsoft  Corporation).  A  copy  of  the  worksheet  version  of  this  database 
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was  attached  as  Appendix  A  for  the  annual  report  from  Year  1.  Data  entry  is  being  performed  by 
the  Study  Coordinator  at  the  University  of  Rochester. 


Task  2.  Abstraction  of  data  from  records  of  women  whose  tumors  stain  positive  for 
overexpression  of  HER-2/new,  Months  13-24 

a.  Train  data  managers  in  data  abstraction 

b.  Complete  data  abstraction  from  records  of  eligible  subjects  (approximately  40 
subjects  at  each  site  =160  total*) 

c.  Complete  data  entry  and  confirm  consistency  of  data  abstraction  methods 

*Original  grant  application  specified  4  sites  with  160  subjects  with  HER-2  positive  tumors.  As  described  in 
the  first  paragraph  of  the  Research  Progress,  we  now  have  three  participating  sites. _ 


Train  Data  Managers  in  Data  Abstraction 

(Task  2a) 

The  data  manager  at  Henry  Ford  Health  System  has  been  trained  in  the  abstraction  of  data  from 
the  medical  records  with  quality  controls  checks  performed  during  the  first  12  months  of  the 
study.  The  Principal  Investigator  and  the  Study  Coordinator  at  the  University  of  Rochester  have 
been  responsible  for  quality  checks  of  the  data.  The  Study  Coordinator  at  Singing  River  Health 
System  was  been  trained  and  has  completed  data  collection.  Quality  checks  were  performed 
continuously  on  every  record. 

Data  Abstraction  from  Records  of  Eligible  Subjects 

(Task  2b) 

With  funding  from  the  Doris  Duke  Charitable  Foundation  and  additional  support,  we  have 
been  able  to  complete  data  abstraction  on  all  subjects  who  meet  criteria — including 
subjects  with  both  HER-2  positive  and  HER-2  negative  tumors.  The  findings  reported  below 
are  with  all  subjects.  (Of  note,  the  grant  reviewers  for  this  project  advised  inclusion  of  HER-2 
positive  and  -negative  subjects  as  well,  but  we  needed  additional  support.) 

University  of  Rochester  (Rochester,  New  York) 

We  have  completed  medical  record  review  for  the  175  eligible  subjects  at  this  site.  One  hundred 
and  sixty  are  eligible.  Chemotherapy  data  are  available  on  100%  of  the  160  subjects.  Some 
subjects  were  excluded  for  some  analyses  because  of  incomplete  data. 

Henry  Ford  Health  System  (Detroit,  Michigan) 

Complete  data  abstraction  has  been  performed  on  200  subjects. 

Singing  River  Health  System  (Pascagoula,  Mississippi) 

As  described  above,  approval  of  this  protocol  by  the  Institutional  Review  Board  at  the  Singing 
River  Health  System  was  delayed  only  on  December  14, 2001 .  Data  abstraction  is  completed 
from  75  charts. 
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Data  Entry  and  Confirm  Consistency  of  the  Data  Abstraction 

(Task  2c) 

Data  entry  is  complete  except  for  the  entry  of  the  HER-2  results.  There  is  continuous  monitoring 
of  the  quality  of  data  by  the  Principal  Investigator  and  the  Study  Coordinator  at  the  University  of 
Rochester. 


Task  3.  Analysis  of  data,  Months  25-36 

a.  Design  multivariate  regression  models 

b.  Conduct  analyses 

c.  Interpret  data  with  investigators  in  Consortium 

d.  Begin  designing  interventions  based  upon  results 


We  are  currently  in  Month  37  of  the  project.  We  have  not  yet  included  the  recently  submitted 
information  on  the  subjects  in  the  Singing  River  Health  System.  We  have  demonstrated  that 
African-American  race  and  obesity  independently  predict  for  suboptimal  chemotherapy  (after 
controlling  for  age,  coexisting  medical  problems,  and  socioeconomic  status).  We  have  also 
shown  first  cycle  dose  reductions  (intentional  dose  reductions)  are  more  common  among  these 
two  groups  of  women  and  are  less  common  among  women  of  higher  socioeconomic  status.  The 
methods  and  results,  as  well  as  our  interpretation,  are  presented  in  detail  in  the  Appendix,  which 
is  a  recently-published  manuscript.  Again,  the  manuscript  does  not  include  the  subjects  who  are 
to  be  included  from  the  Singing  River  Health  System. 

The  final  portion  of  this  project  is  the  survival  analysis  in  women  whose  tumors  overexpressed 
HER-2.  Our  survival  analysis  will  be  complicated  by  the  fact  that  there  was  a  tremendous 
variation  in  the  chemotherapy  regimens  used.  We  intend  to  calculate  for  each  of  the  regimens  the 
“summation  dose  intensity”  as  defined  by  Hryniuk  and  colleagues.(6)  An  additional  limitation  be 
the  total  number  of  subjects  with  HER-2  positive  tumors.  It  is  in  these  patients  that  dose 
proportion  and  relative  dose  intensity  are  most  important.(7)  The  unanticipated  number  of 
missing  blocks  or  tumors  where  the  cancer  could  not  be  located  has  decreased  the  numbers 
substantially.  We  will  repeat  our  published  analyses  with  the  subjects  from  the  Singing  River 
Health  System  and  with  the  entire  cohort  of  subjects  (for  all  three  sites). 
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Key  Research  Accomplishments 

1 .  We  have  developed  a  network  of  breast  cancer  treatment  sites. 

2.  We  have  demonstrated  the  feasibility  of  abstraction  of  specific  chemotherapy  treatment 
details  at  disparate  treatment  facilities. 

3.  We  have  developed  a  data  collection  system,  comprehensive  database,  and  statistical 
program  to  calculate  dose  and  dose  intensity  of  a  variety  of  chemotherapy  regimens  for 
early-stage  breast  cancer. 

4.  We  have  demonstrated  that  disparities  exist  among  different  ethnic/racial  groups  in  the 
administration  of  chemotherapy  for  early-stage  breast  cancer. 

5.  We  have  shown  that  obesity  impacts  chemotherapy  prescribing  patterns. 


Reportable  Outcomes 

1 .  “Ethnicity  and  Age  Predict  Suboptimal  Adjuvant  Chemotherapy  for  Breast  Cancer,” 
Abstract  and  Podium  Presentation,  Annual  Meeting  of  the  Academy  of  Health  Services 
Research,  June  2001 . 

2.  “Do  Physician  Prescribing  Patterns  Differ  by  Ethnicity  in  the  Treatment  of  Localized 
Breast  Cancer?”  Abstract,  Annual  Meeting  of  the  Academy  of  Health  Services  Research, 
June  2001. 

3 .  “Racial  Disparity  in  Breast  Cancer  Chemotherapy,”  Presentation  at  the  Henry  Ford 
Health  System  Cancer  Center  Grand  Rounds,  November  30, 2001. 

4.  “Racial  Variation  in  Breast  Cancer  Adjuvant  Therapy,”  Cancer  Center  Grand  Rounds, 
Medical  College  of  Virginia,  Richmond,  Virginia,  February  2002. 

5.  “Quality  of  Breast  Cancer  Adjuvant  Chemotherapy  in  African-American  and  Caucasian 
Women,”  Presented  at  the  San  Antonio  Breast  Cancer  Symposium,  San  Antonio,  Texas, 
December  2002. 

6.  “Disparities  in  Breast  Cancer  Treatment,”  Presentation,  Rochester  Clinical  Research 
Curriculum,  March  2003. 

7.  “Racial  Disparities  in  Breast  Cancer  Care:  Evidence  for  Systematic  Disparities  in  Care” 
Grand  Rounds,  Roswell  Park  Cancer  Institute,  March  2003. 

8.  “Racial  Disparity  in  the  Dose  and  Dose  Intensity  of  Breast  Cancer  Adjuvant 
Chemotherapy.”  Manuscript,  Breast  Cancer  Research  and  Treatment.  81:21-31, 2003. 
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Conclusions 

We  have  demonstrated  that  there  is  systematic  disparity  in  the  quality  of  adjuvant  breast  cancer 
chemotherapy  according  to  race,  obesity  status,  and  income.  Our  results  suggest  that 
race/ethnicity  predicts  suboptimal  chemotherapy  for  early  stage  breast  cancer.  Biological  and 
socioeconomic  differences  do  not  explain  the  disparity  in  the  treatment.  Physician  prescribing 
patterns  appear  to  impart  a  significant  impact  on  the  outcome  measures  of  our  study,  namely 
dose  proportion  and  relative  dose  intensity.  Women  who  are  obese,  African-American,  and 
living  below  the  median  income  are  most  likely  to  receive  intentionally  reduced  chemotherapy 
doses.  The  systematic  difference  in  the  quality  of  chemotherapy  may  contribute  to  the  higher 
case-fatality  rate  among  African-American  women  and  economically  disadvantaged  women  with 
breast  cancer. 

Thus  far,  our  measures  are  process  measures  of  quality  of  care.  If  such  dose  reductions  have  an 
impact  on  outcome  and  the  findings  are  generalizable  to  two  other  distinct  geographic  locales, 
we  have  developed  a  novel  measure  of  quality  of  care.  Interventions  to  eliminate  the  disparities 
in  the  quality  of  chemotherapy  have  the  potential  to  improve  the  quality  of  care  for  minority 
women  and  economically  disadvantaged  women  with  breast  cancer. 

Management  of  localized  breast  cancer  is  complicated  and  requires  coordination  of  care  across 
multiple  specialties.  The  project  thus  far  has  raised  the  possibility  that  the  process  of  care  differs 
between  racial/ethnic  and  socioeconomic  groups.  We  are  applying  for  additional  funding  to 
expand  this  research  program.  Plans  for  ongoing  work,  in  addition  to  that  outlined  in  Task  3 
including  examining  other  patterns  of  care,  such  as  (1)  delays  from  diagnosis  to  surgery,  (2) 
delays  from  surgery  to  the  initiation  of  chemotherapy,  (3)  delays  in  the  initiation  or  completion 
of  adjuvant  radiotherapy,  (4)  differences  in  side  effects  among  different  racial  groups,  and  (6) 
differences  in  the  use  of  supportive  therapies  such  as  granulocyte-colony  stimulating  factor. 

With  our  ongoing  program,  we  will  also  develop  methods  to  investigate  the  reasons  for 
disparities  in  the  quality  of  adjuvant  chemotherapy.  It  is  our  hypothesis  that  physicians  prescribe 
intentional  dose  reductions  (that  is,  first  cycle  dose  reductions)  because  of  perceived 
vulnerability  of  the  patient.  Our  plans  are  to  measure  physician  attitudes  about  their  patients, 
including  perceived  social  support.  It  is  possible  that  physicians  perceive  their  patients  as  having 
diminished  social  support  and  therefore  prescribe  reduced  doses  of  chemotherapy.  We  will  also 
be  investigating  management  of  symptoms  of  chemotherapy.  The  African-American  women  in 
our  sample  were  more  likely  to  discontinue  chemotherapy  before  the  planned  number  of 
treatments  was  administered.  Communication  difficulties  regarding  symptom  management  may 
lead  to  a  patient  terminating  therapy  before  the  standard  number  of  treatments  is  completed.  The 
ultimate  goal  is  to  design  interventions  to  eliminate,  or  at  least  mitigate,  such  disparities. 
Developing  the  infrastructure  for  such  interventions  is  a  major  goal  of  this  research  program. 
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Summary 

Purpose.  The  purpose  of  this  study  was  to  investigate  the  impact  of  race  and  obesity  on  dose  and  dose  intensity  of 
adjuvant  chemotherapy. 

Methods.  We  abstracted  data  on  patient/tumor  characteristics,  treatment  course,  physicians’  intention  to  give 
a  first  cycle  dose  reduction,  and  reasons  for  dose  reductions/delays  from  oncology  records  of  489  women  treated 
from  1985  to  1997  in  10  treatment  sites  in  two  geographical  regions.  Administered  doses  and  dose  intensity  were 
compared  to  standard  regimens.  Multivariate  regression  models  determined  the  impact  of  race  and  body  mass 
index  (BMI)  on  dose  proportion  (actuakexpected  doses)  and  relative  dose  intensity  (RDI)  controlling  for  patient 
characteristics,  comorbidity,  chemotherapy  regimen,  site,  and  year  of  treatment.  Logistic  regressions  explored  race 
and  BMI  versus  use  of  first  cycle  dose  reductions. 

Results.  African-Americans  received  lower  chemotherapy  dose  proportion  and  RDI  than  whites  (0.80  vs.  0.85, 
p  =  0.03  and  0.76  vs.  0.80,  p  =  0.01).  In  multivariate  analyses,  dose  proportion  was  0.09  lower  (p  —  0.002), 
and  RDI  was  0.10  (p  <  0.001)  lower  in  non-overweight  African-Americans  than  whites.  Obesity  was  associated 
with  lower  dose  proportion  (p  <  0.01)  and  RDI  (p  <  0.03).  Race  and  BMI  were  independently  associated  with 
first  cycle  dose  reductions.  Non-overweight  African-Americans  (p  <  0.05)  and  overweight  and  obese  African- 
American  and  white  women  (p  <  0.001)  were  more  likely  to  have  first  cycle  dose  reductions  than  non-overweight 
whites. 

Conclusion.  We  identified  systematic  differences  in  the  administration  of  chemotherapy  given  to  African- 
Americans  and  to  overweight  and  obese  women.  These  differences  may  contribute  to  documented  disparities  in 
outcome. 


Introduction 

The  incidence  of  breast  cancer  is  lower  in  African- 
American  women,  but  breast  cancer  mortality  rates 
and  case  fatality  rates  among  African-Americans  are 
consistently  higher  than  among  whites  [1].  The  inci¬ 
dence  of  breast  cancer  in  1999,  for  example,  was  123.9 
per  100,000  in  black  women  versus  143  per  100,000  in 
white  women,  but  corresponding  mortality  rates  were 
35.8  per  100,000  in  blacks  versus  26.3  per  100,000  in 
whites  [1].  Even  after  correction  for  stage  at  presenta¬ 
tion  and  tumor  biology,  disparities  in  outcome  persist 


[2-4].  Adjustment  for  socioeconomic  status  (SES)  ac¬ 
counts  for  some  but  generally  not  all  of  the  association 
between  race  and  poorer  outcome  [2,  3, 5-10]. 

African-Americans  treated  on  chemotherapy  pro¬ 
tocols  appear  to  benefit  from  adjuvant  chemotherapy 
with  not  only  the  same  relative  risk  reduction  in  breast 
cancer  mortality  but  also  similar  stage-specific  out¬ 
come  [11,  12].  This  finding  supports  the  conjecture 
that  uniform  treatment  results  in  uniform  outcome 
and  argues  against  the  hypothesis  that  race  confers 
an  independent  deleterious  effect  on  disease-specific 
outcome. 
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Large  retrospective  analyses  suggest  that  the  bene¬ 
ficial  impact  of  adjuvant  chemotherapy  on  disease-free 
and  overall  survival  in  women  with  breast  cancer  is 
diminished  when  full  doses  of  therapy  are  not  given 
[13-17].  Studies  addressing  the  use  or  planned  use 
of  adjuvant  therapy  in  African-Americans  and  whites 
have  generally  not  demonstrated  disparities  in  the  use 
or  intention  to  use  chemotherapy  [3, 18]. 

We  hypothesized  that,  among  women  who  do 
receive  chemotherapy,  there  are  systematic  differ¬ 
ences  in  the  administration  of  chemotherapy  given  to 
African-American  and  white  women.  The  possibility 
that  differences  exist  in  the  delivery  of  chemother¬ 
apy  has  been  raised  [2,  19]  but  not  well  studied.  We 
also  investigated  the  impact  of  obesity  on  prescribing 
patterns  for  African-American  and  white  women  un¬ 
dergoing  adjuvant  breast  cancer  chemotherapy.  The 
practice  of  dose  reduction  in  overweight  and  obese 
women  continues  [20]  despite  evidence  that  using 
actual  body  weight  for  chemotherapy  dose  calcula¬ 
tions  is  safe  [21,  22].  As  obesity  is  more  prevalent 
in  African-Americans  [23,  24],  the  practice  of  basing 
doses  on  ideal  or  adjusted  body  weight  might  lead  to 
systematically  lower  doses  in  African-Americans. 

Subjects  and  methods 

Study  subjects.  We  identified  African-American  and 
white  women  as  potentially  eligible  using  the  Monroe 
County  (New  York)  and  Henry  Ford  Health  Sys¬ 
tem  (Michigan)  tumor  registries.  Subjects  identified 
were  treated  at  10  treatment  sites,  including  univer¬ 
sity  and  community  hospitals  (five  of  six  treatment 
sites  in  Rochester,  New  York  and  all  five  med¬ 
ical  oncology  treatment  sites  within  the  Henry  Ford 
Health  System  in  Detroit,  Michigan).  Eligibility  cri¬ 
teria  included  treatment  between  1985  and  1997  with 
cyclophosphamide-containing  adjuvant  chemotherapy 
for  localized  or  regional  (stages  I,  II,  or  III)  breast 
cancer.  Patients  treated  with  primary  (neoadjuvant) 
chemotherapy,  chemotherapy  interrupted  by  radiation 
(‘sandwich  radiation’),  or  on  high-dose  chemotherapy 
protocols  were  excluded.  We  also  excluded  women 
who  had  had  a  previous  breast  cancer. 

Data  collection.  The  University  of  Rochester  Re¬ 
search  Subjects  Review  Board  (RSRB  #08217)  and 
the  Henry  Ford  Health  System  Institutional  Review 
Board  (HFHS  IRB  #900)  approved  the  data  collection 
protocol.  Six  trained  abstractors  performed  the  chart 
audits.  A  senior  health  project  nurse  at  the  University 


of  Rochester  repeated  the  data  abstraction  on  at  least 
30  charts  reviewed  by  each  of  the  six  abstractors  and 
on  a  random  sample  of  125  subjects  included  in  the 
final  database.  The  senior  project  nurse  did  all  of  the 
data  entry. 

We  abstracted  detailed  information  from  the  med¬ 
ical  oncology  charts  and  treatment  records  on  (1) 
subject  characteristics,  including  age,  self-assigned 
race/ethnicity,  insurance  type,  address  for  census 
block  group  assignment,  height,  weight,  and  coexist¬ 
ing  medical  conditions  (see  below),  (2)  tumor  char¬ 
acteristics,  including  tumor  size,  number  of  lymph 
nodes  involved,  estrogen  receptor  (ER)  and  proges¬ 
terone  receptor  (PR)  status,  and  histologic  grade,  (3) 
chemotherapy  regimen  and  treatment  course,  dates  of 
treatment,  dose  of  each  drug  administered,  body  sur¬ 
face  area  used  for  calculation  of  the  drug  doses,  and 
whether  a  dose  reduction  from  standard  doses  was 
used  for  the  initial  cycle  of  chemotherapy,  (4)  treat¬ 
ment  site,  (5)  reasons  for  changes  in  chemotherapy 
doses  or  delays  in  treatment,  side  effects,  hospitaliza¬ 
tions,  and  discontinuation  of  therapy.  White  blood  cell 
counts  and  absolute  neutrophil  counts  (ANC)  were  re¬ 
corded  whenever  available.  Coexisting  illnesses  were 
recorded  using  the  conditions  in  the  Charlson  index 

[25] .  Menopausal  status  was  determined  using  the 
medical  oncologists’  notes  in  the  medical  oncology 
record,  which  generally  contained  enough  information 
to  make  a  determination. 

For  patients  treated  in  Rochester,  the  medical  re¬ 
cord  was  used  to  identify  whether  or  not  patients  had 
private  insurance.  For  the  Henry  Ford  Health  System 
patients,  information  on  insurance  was  collected  from 
the  Patient  Master  Index  database,  a  central  repository 
for  data  on  patient  encounters  at  Henry  Ford  Hospital 
and  all  HFHS  satellites.  Those  with  Medicare  were 
identified  as  having  private  insurance  if  they  indicated 
having  a  supplemental  policy  in  addition  to  Medicare 
Part  A. 

For  each  subject,  the  address  at  the  time  of  diag¬ 
nosis  was  used  to  identify  the  census  block  group. 
The  socioeconomic  information  for  the  census  block 
group,  including  measures  of  income  and  educa¬ 
tion,  was  determined  from  1990  census  data  using 
Landview®III  Environmental  Mapping  Software  (US 
Department  of  Commerce,  Economics  and  Statistics 
Administration,  Bureau  of  the  Census,  1997).  The  use 
of  census  block  group  assignment  in  the  assessment  of 
missing  individual  level  SES  data  has  been  shown  to 
generate  data  that  correlates  with  individual  level  data 

[26] . 
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The  actual  doses  of  chemotherapy  subjects  re¬ 
ceived  were  summed  across  all  visits  to  determine  the 
total  dose  of  each  drug.  The  expected  doses  of  chemo¬ 
therapy  were  determined  using  height,  weight  at  the 
time  of  the  first  treatment,  and  calculated  body  surface 
area  according  to  standard  chemotherapy  protocols. 
The  actual  and  expected  durations  of  chemotherapy 
were  also  determined  for  each  subject. 

Outcome  measures.  We  measured  four  characteris¬ 
tics  of  chemotherapy  treatment.  Each  measure  was 
calculated  for  each  subject. 

(1)  Dose  proportion:  ratio  of  actual  to  expected  doses 
of  chemotherapy  in  standard  adjuvant  chemother¬ 
apy  regimens.  This  was  calculated  for  each  drug  in 
the  chemotherapy  regimen.  The  ratios  were  then 
averaged  to  determine  an  overall  dose  proportion 
for  the  regimen. 

(2)  Time  ratio:  ratio  of  the  actual  to  expected  duration 
of  chemotherapy. 

(3)  Relative  dose  intensity  (RDI):  dose  proportion 
x  1/time  ratio. 

(4)  Reductions  of  doses  at  the  initiation  of  treatment: 
a  measure  of  whether  or  not  a  reduction  in  the 
doses  of  chemotherapy  drugs  used  at  the  initi¬ 
ation  of  treatment  was  documented  in  the  treating 
provider’s  note  in  the  subject’s  chart. 

Statistical  analyses.  Descriptive  analyses  of  the  sub¬ 
ject  characteristics  and  the  outcome  measures  were 
performed  for  the  entire  sample  and  by  racial/ethnic 
group.  Comparisons  between  groups  were  performed 
using  Student’s  /-tests,  chi-squared  tests,  and  Fisher’s 
exact  tests  as  appropriate.  All  tests  for  significance 
were  two-sided.  Dose  proportion,  the  time  component, 
and  RDI  were  analyzed  using  multivariate  regression 
to  determine  the  effect  of  race  controlling  for  other 
subject  characteristics,  including  the  body  mass  in¬ 
dex  (BMI)  categories  of  the  National  Heart,  Lung, 
and  Blood  Institute  [27]  and  initial  white  blood  cell 
count,  tumor  characteristics,  chemotherapy  regimen, 
treatment  site,  year  of  treatment,  and  reasons  for  dose 
changes  or  treatment  delays  as  independent  variables. 
We  included  a  full  set  of  year  of  diagnosis  indicator 
variables  to  account  for  time  effects.  We  tested  down 
to  a  specification  that  included  a  single  indicator  vari¬ 
able  to  identify  if  treatment  occurred  after  1993.  The 
multivariate  analyses  for  dose  proportion  and  RDI 
were  performed  with  cyclophosphamide  alone  as  well 
as  for  the  other  drug(s)  in  the  regimen  without  the 


cyclophosphamide.  This  was  done  in  an  attempt  to 
reduce  the  variability  that  would  arise  from  rounding 
doses  of  oral  cyclophosphamide. 

Due  to  the  degree  of  multicollinearity  on  the  SES 
variables,  the  dichotomous  variable  for  per  capita  in¬ 
come  above  the  sample  median  was  the  only  census 
block  group  level  SES  measure  kept  in  the  models. 
The  results  were  robust  to  a  variety  of  specifications 
for  the  SES  variables.  Interactions  between  race  and 
the  other  covariates  were  also  examined. 

As  the  outcome  measures  were  sufficiently  skewed 
as  to  result  in  heteroskedastic  error  terms,  we  explored 
simple  transformations  for  the  measures  that  would 
normalize  the  error  terms,  such  as  the  natural  log  of 
the  measure.  Complex  transformations,  which  would 
reduce  the  interpretability  of  our  results,  would  be  re¬ 
quired  to  normalize  the  error  terms.  Hence,  we  opted 
to  use  robust  standard  errors  to  account  for  the  het- 
eroskedasticity  in  the  error  term  rather  than  transform 
the  dependent  variables  [28].  This  generates  unbiased 
parameter  estimates  but  is  a  less  efficient  analytical 
method,  resulting  in  wider  confidence  intervals  than 
transforming  the  dependent  variables. 

Dose  reductions  at  the  initiation  of  treatment 
were  modeled  using  logistic  regression  controlling  for 
subject  characteristics,  including  race,  age,  BMI  cat¬ 
egories,  and  initial  white  blood  cell  count,  tumor  char¬ 
acteristics,  chemotherapy  regimen,  treatment  site,  and 
year  of  treatment,  parameterized  as  described  above. 

Analyses  were  performed  using  SAS  Version  8.01 
(SAS  Institute,  Inc.,  Cary,  NC)  and  Stata  7.0  (Stata 
Corporation,  College  Station,  TX). 


Results 

Subject  characteristics .  The  African-Americans  in¬ 
cluded  in  our  study  were  similar  to  the  whites  with 
respect  to  age,  menopausal  status,  tumor  size  and 
number  of  positive  nodes  (Tables  1  and  2).  African- 
Americans,  however,  were  more  likely  to  be  obese 
(BMI  >30,  43%  vs.  21%,  p  <  0.0001)  and  to 
live  in  census  block  groups  with  lower  per  capita 
income  ($12,304  vs.  $17,700,  p  <  0.0001).  African- 
Americans  were  less  likely  to  be  privately  insured 
(84%  vs.  94%,  p  <  0.01)  and  were  less  likely  to  have 
ER  positive  tumors  (46%  vs.  66%,  p  <  0.001).  In 
addition,  African-American  women  were  more  likely 
than  white  women  to  have  coexisting  illnesses.  For  ex¬ 
ample,  19%  of  the  African-Americans  in  our  sample 
had  a  Charlson  index  of  1  compared  to  8%  of  the 
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Table  1.  Subject  characteristics  by  race,  n  —  489 


Whites 

African-Americans 

p -value 

n  =  380 

rt  =  109 

Mean  age  (SD) 

48.5(10.2) 

48.6(10.9) 

NS 

Menopausal  status,  n  (%) 

Premenopausal 

217(58) 

54  (50) 

■> 

j 

Peri  menopausal 

25  (7) 

8(7) 

Ins 

Postmenopausal 

134  (36) 

46  (43) 

Unknown 

4(0.01) 

KD 

j 

1 

Charlson  index,  n  (%) 

0 

337  (89) 

85  (78) 

i 

1 

32  (8) 

21  (19) 

1 

►  0.02 

2 

8(2) 

2(2) 

1 

3+ 

3(1) 

KD 

J 

BMT  categories,  Ref.  [27] 

Mean  (SD) 

26,8  (5.9) 

29.5  (7.0) 

-\ 

Underweight  (BMI  <  18.5),  n  (%) 

9  (2.3) 

3(2.8) 

Healthy  weight  (18.5  <  BMI  <  25),  n  (%) 

156  (41) 

29  (26) 

►  <0.001 

Overweight  (25  <  BMI  <  30),  n  (%) 

134  (36) 

31  (29) 

Obese  (BMI  >  30),  n  {%) 

81  (21) 

46  (43) 

a 

Mean  first  WBC  (SD) 

7.1  (2.0) 

6.3  (1.9) 

<0.001 

Use  of  granulocyte  colony  stimulating  factor,  n  (%) 

22  (5.8) 

6(5.5) 

NS 

Census  block  group  below  poverty  level,  n  (%) 

27(7) 

24  (22) 

<0.001 

Per  capita  income  (SD) 

17700  (7000) 

12300  (5900) 

<0.001 

Average  median  income  (SD) 

41870(16789) 

26519(14600) 

<0.001 

Private  insurance,  n  (%) 

357  (94) 

92  (84) 

0.01 

Underinsured,  n  (%) 

24  (6) 

17(16) 

<0.001 

Dose  proportion  (mean) 

0.85 

0.80 

0.03 

Dose  intensity  (mean) 

0.80 

0.76 

0.01 

whites  ( p  =  0.001).  There  were  no  differences  in  the 
proportion  of  subjects  with  higher  Charlson  scores  (2 
or  more). 

Dose  proportion  and  RDI.  The  mean  unadjusted 
dose  proportion  among  African-Americans  was  0.80 
compared  with  a  mean  unadjusted  dose  proportion  of 
0.85  among  the  whites  (difference  in  dose  proportion 
of  0.05,  p  =  0.03).  The  mean  unadjusted  RDI  was 
likewise  lower  for  African-Americans  than  for  whites 
(0.76  vs.  0.80,  p  =  0.01).  There  was  no  difference  in 
the  time  component  between  the  two  groups  (1.07  for 
African-Americans  and  1.06  for  whites,  p  =  0,87). 
Seventy-two  percent  of  the  whites  received  a  dose  pro¬ 
portion  of  0.80  or  greater  compared  with  only  61%  of 
the  African-Americans  (p  =  0.02). 


Multivariate  regression  results.  We  performed  mul¬ 
tivariate  analyses  controlling  for  tumor  characteristics, 
coexisting  medical  problems,  obesity,  per  capita  in¬ 
come  of  the  subjects*  census  block  group,  insurance 
type  (private  v.s.  non-private),  chemotherapy  regi¬ 
men,  treatment  site,  whether  chemotherapy  was  given 
before  or  after  1993,  and  reasons  for  dose  changes 
and  treatment  delays  (Table  3).  The  reasons  for  dose 
changes  and  delays  are  listed  in  Table  4.  Fifteen  sub¬ 
jects  had  missing  data,  such  as  tumor  size  and  lymph 
node  status,  and  were  excluded  from  the  multivariate 
analyses. 

Dose  proportion.  The  dose  proportion  in  non¬ 
overweight  African-Americans  was  0.09  lower  than 
in  non-overweight  whites  (p  =  0.002).  Similarly, 
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Table  2.  Tumor  characteristics  by  race,  n  =  489 


Whites 

African-  p-value 

C n  =  380) 

Americans 
(n  =  109) 

Tumor  size,  n  (%) 

<2  cm 

173  (46) 

39  (36)  ^ 

1 

2-5  cm 

177  (47) 

54  (50) 

U.05 

>5  cm 

30(8) 

16(15)  j 

l 

Lymph  node  involvement,  n  {%) 

None 

136(36) 

41  (38)  *> 

| 

1-3 

147  (39) 

52  (48)  | 

lo.l2 

4-9 

54(14) 

8(7)  | 

10+ 

40(10) 

8(7)  J 

Estrogen  receptor,  n  (%) 

Positive 

252 (66) 

50  (46) 

Negative 

122  (32) 

58(53) 

-0.001 

Unknown 

6(2) 

KD  J 

Progesterone  receptor,  n  (%) 

Positive 

228  (60) 

50(46)  *3 

Negative 

139  (37) 

56(51)  j 

[0.05 

Unknown 

13(3) 

3(3)  J 

overweight  and  obese  women,  regardless  of  race,  re¬ 
ceived  substantially  lower  dose  proportions  than  did 
non-overweight  whites  (—0.1 1  in  overweight  African- 
Americans,  p<  0.001;  —0.08  in  obese  African- 
Americans,  p<0.01;  —0.02  in  overweight  whites, 
p  =  0.14;  —0.09  in  obese  whites,  p<  0.001).  Initial 
(pre-treatment)  white  blood  cell  count  was  related  to 
dose  proportion  in  that  each  rise  of  1000  fil”1  in  the 
white  blood  cell  count  was  associated  with  an  increase 
in  dose  proportion  of  0.007.  Women  with  the  largest 
tumors  (over  5  cm)  received  higher  dose  proportion, 
which  was  marginally  significant.  There  were  also 
significant  variations  in  dose  proportion  by  chemother¬ 
apy  regimen  (Table  3).  Women  treated  before  1993 
received  significantly  lower  dose  proportion.  Dose 
changes  due  to  low  ANC,  delays  or  termination  of 
treatment  due  to  side  effects,  and  patients’  deciding  to 
terminate  chemotherapy  were  significantly  associated 
with  lower  dose  proportion.  Other  tumor  character¬ 
istics,  coexisting  medical  problems,  age  at  diagnosis, 
insurance  status,  per  capita  income  and  changing  regi¬ 
mens  were  not  associated  with  dose  proportion.  There 
were  no  significant  changes  in  the  findings  when  the 
dose  proportion  of  cyclophosphamide  alone  was  the 


dependent  variable  or  when  cyclophosphamide  was 
excluded  from  the  analyses. 

Time  ratio  (Table  3).  The  ratio  of  the  actual  to  expec¬ 
ted  time  to  completion  of  chemotherapy  did  not  dif¬ 
fer  between  African-Americans  and  non-overweight 
whites.  The  time  ratio  was,  however,  0.04  lower  in 
overweight  and  obese  whites  than  in  non-overweight 
whites.  Initial  white  blood  cell  count  was  negatively 
associated  with  the  time  ratio.  Changing  chemother¬ 
apy  regimens  was  associated  with  a  higher  time  ra¬ 
tio,  indicating  that  changing  regimens  increased  the 
amount  of  time  it  takes  women  to  complete  their 
chemotherapy.  In  addition,  delays  in  treatment  due  to 
low  ANC,  low  white  blood  cell  counts,  and  missed 
appointments  lengthened  the  time  it  took  women  to 
complete  chemotherapy.  There  were  also  significant 
variations  in  the  time  ratio  by  site  and  chemotherapy 
regimen.  Age  at  diagnosis,  coexisting  medical  prob¬ 
lems,  tumor  characteristics,  insurance  status  and  per 
capita  income  were  not  significantly  related  to  the  time 
ratio. 

Relative  dose  intensity  (Table  3),  The  RDI  in  non¬ 
overweight  African-Americans  was  0.10  lower  than  in 
non-overweight  whites  (p<  0.001).  Overweight  and 
obese  African-Americans  and  obese  whites  also  had 
significantly  lower  RDI  than  non-overweight  whites 
(—0.10  for  overweight  African-Americans,  p  <  0.01; 
—0.07  for  obese  African-Americans,  p<0.03,  and 
-0.06  for  obese  whites,  p<0.01).  Initial  (pre¬ 
treatment)  white  blood  cell  count  was  associated  with 
an  increase  in  RDI  of  0.012  for  each  1000  fxl-1  in¬ 
crease  in  white  blood  cell  count.  Dose  changes  due  to 
low  ANC,  delays  in  treatment  due  to  low  white  blood 
cell  counts,  delays  due  to  missed  appointments,  and 
delays  or  termination  of  treatment  due  to  side  effects 
were  significantly  associated  with  lower  RDI,  as  were 
patients’  deciding  to  terminate  chemotherapy.  There 
were  also  significant  variations  by  chemotherapy  regi¬ 
men.  Increasing  age  at  diagnosis  was  associated  with 
small  but  statistically  significant  decreases  in  RDI. 
Women  with  private  insurance  received  lower  RDI. 
Changing  regimens  and  being  treated  before  1993 
were  associated  with  lower  RDI.  Women  with  the 
largest  tumors,  those  over  5  cm,  received  higher  RDI. 
Other  tumor  characteristics,  coexisting  medical  prob¬ 
lems,  and  per  capita  income  were  not  associated  with 
RDI.  There  were  no  significant  changes  in  the  find¬ 
ings  when  the  RDI  of  cyclophosphamide  alone  was  the 
dependent  variable  or  when  cyclophosphamide  was 
excluded  from  the  analyses. 
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Table  3.  Multivariate  regression  on  dose  proportion,  time  ratio  and  dose  intensity,  selected  results 


Variable 

Dose  proportion 

Time  ratio 

RDI 

Coefficient  (SE) 

P 

Coefficient  (SE) 

P 

Coefficient  (SE) 

P 

Healthy  weight  and  underweight 

-0.089  (0.029) 

0.002 

0.010(0.016) 

0.52 

-0.101  (0.030) 

0.001 

African-American 

Overweight  African-American 

-0.113(0.032) 

0.001 

-0.027  (0.021) 

0.21 

-0.098  (0.032) 

0.003 

Obese  African-American 

-0.076  (0.029) 

0.009 

-0.025  (0.021) 

0.23 

-0.066  (0.026) 

0.012 

Overweight  white 

-0.024  (0.016) 

0.14 

-0.037(0.013) 

0.006 

0.003  (0.017) 

0.86 

Obese  white 

-0.085  (0.022) 

<0.001 

-0.036  (0.015) 

0.02 

-0.058  (0.022) 

0.009 

Age  at  diagnosis 

-0.001  (0.0007) 

0.12 

0.0002  (0.0006) 

0.74 

-0.002  (0.0007) 

0.03 

Comorbid  conditions 

0.021  (0.020) 

0.29 

-0.002(0.017) 

0.89 

0.026  (0.021) 

0.21 

(Charlson  index  >  1) 

No  lymph  node  involvement 

-0.026  (0.016) 

0.11 

-0.012(0.013) 

0.33 

-0.022  (0.016) 

0.18 

Private  insurance 

-0.040(0.027) 

0.14 

0.008  (0.021) 

0.71 

-0.053  (0.027) 

0.05 

Census  block  group  per  capita 

0.011  (0.015) 

0.48 

0.010(0.012) 

0.41 

0.003  (0.016) 

0.85 

income  >  median 

Dose  changes  due  to  low  ANC 

-0.035  (0.014) 

0.01 

- 

- 

-0.026  (0.012) 

0.03 

Delays  due  to  low  ANC 

0.023  (0.008) 

0.004 

0.027  (0.007) 

<0.001 

-0.001  (0.007) 

0.87 

Delays  due  to  low  white  blood 

-0.001  (0.008) 

0.90 

0.028  (0.007) 

<0.001 

-0.018(0.008) 

0.02 

cell  counts 

Delays  due  to  missed  appointments 

-0.008  (0.026) 

0.76 

0.056  (0.018) 

0.002 

-0.048  (0.024) 

0.04 

Delays  and  termination  of  treatment 

-0.167  (0.036) 

<0.001 

0.008  (0.019) 

0.69 

-0.172  (0.032) 

<0.001 

due  to  side  effects 

Termination  of  treatment  due  to 

-0.241  (0.084) 

0.004 

-0.111(0.046) 

0.02 

-0.169  (0.084) 

0.04 

patient  decision 

Treated  before  1993 

-0.042  (0.016) 

0.008 

-0.017(0.013) 

0.17 

-0.035  (0.156) 

0.03 

Compared  to  CA* 

CAF  intravenous,  day  1,  q.  21  days 

-0.173  (0.029) 

<0.001 

0.028  (0.027) 

0.30 

-0.183  (0.030) 

<0.001 

CAF  oral,  days  1,  8,  q.  28  days 

-0.101  (0.027) 

<0.001 

-0.075  (0.020) 

<0.001 

-0.057  (0.029) 

0.05 

CMF  intravenous,  days  1,  8,  q.  21  days 

-0.052  (0.020) 

0.008 

0.048  (0.019) 

0.01 

-0.084  (0.023) 

<0.001 

CMF  intravenous,  day  1,  q.  21  days 

-0.036  (0.034) 

0.29 

0.050  (0.033) 

0.13 

-0.071  (0.035) 

0.04 

CMF  intravenous,  days  1, 8,  q,  28  days 

-0.001  (0.047) 

0.98 

-0.102  (0.050) 

0.04 

0.090  (0.059) 

0.13 

CMF  oral,  days  1,  8,  q.  28  days 

-0.087  (0.019) 

<0.001 

-0.047(0.019) 

0.012 

-0.057  (0,022) 

0.01 

CNF 

-0.088  (0.034) 

0.010 

-0.052(0.031) 

0.09 

-0.116  (0.036) 

0.001 

Change  in  regimen 

-0.029  (0.029) 

0.31 

0.127(0.019) 

<0.001 

-0.057  (0.024) 

0.02 

*  C  =  cyclophosphamide,  A  =  doxorubicin  (adriamycin),  M  =  methotrexate,  F  =  5-fluorouracil,  N  =  mitoxantrone. 


First  cycle  dose  reductions .  Logistic  regressions 
on  dose  reductions  at  the  initiation  of  treat¬ 
ment  generated  findings  similar  to  the  patterns 
described  above  (Table  5).  Non-overweight  African- 
Americans  (OR  =  3.7,  p  <  0.05),  overweight 
African-Americans  (OR  =19.4,  p  <0.001),  obese 
African-Americans  (OR  =11.5,  p<  0.001),  over¬ 
weight  whites  (OR  =  5.2,  p  <0.001),  and  obese 
whites  (OR  =  21.4,  p<  0.001)  were  more  likely  to 
have  first  cycle  dose  reductions  than  were  non¬ 
overweight  whites.  Initial  dose  reductions  were  more 


common  before  1993  (OR  =  3.5,  p  <0.001).  Women 
living  in  census  block  groups  with  per  capita  in¬ 
comes  above  the  median  for  our  sample  were  less 
likely  to  have  their  first  cycle  doses  reduced.  There 
were  significant  differences  by  treatment  site  in  the 
tendency  to  reduce  doses  at  the  start  of  treatment. 
Tumor  characteristics,  chemotherapy  regimen,  co¬ 
existing  medical  problems,  age  at  diagnosis,  white 
blood  cell  count  at  the  start  of  treatment,  and  insur¬ 
ance  status  were  not  associated  with  initial  cycle  dose 
reductions. 
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Table  4.  Frequency  of  dose  changes  and  delays  in  treatment  by  race 


Variable 

Whites 

African- 

Americans 

p-value 

Dose  changes  and  number  of  dose  changes,  n  (%) 

Dose  changes  due  to  low  ANC,  n  (%) 

75  (19.7) 

17  (15,6) 

NS 

Mean  number  for  those  having  dose  changes 

1.4 

2.2 

NS 

Dose  changes  due  to  low  white  blood  cell  counts,  n  (%) 

64(16.8) 

18(16.5) 

NS 

Mean  number  for  those  having  dose  changes 

1.5 

1.8 

NS 

Dose  changes  due  to  side  effects,  n  (%) 

56(14.7) 

12(11.0) 

NS 

Mean  number  for  those  having  dose  changes 

1.3 

1.2 

NS 

Dose  changes  due  to  weight  loss,  n  (%) 

10  (2.6) 

5  (4.6) 

NS 

Mean  number  for  those  having  dose  changes 

1.5 

1.0 

NS 

Delays  and  number  of  delays 

Delays  due  to  acute  illness,  n  (%) 

17  (4.7) 

12(11.0) 

0.01 

Mean  number  for  those  having  delays 

1.0 

1.3 

0.10 

Delays  due  to  hospitalization,  n  (%) 

26  (6.8) 

1  (0.9) 

0.02 

Mean  number  for  those  having  delays 

1.2 

1.0 

NS 

Delays  due  to  low  ANC,  n  (%) 

155  (40.8) 

27  (24.8) 

0.002 

Mean  number  for  those  having  delays 

1.6 

2.0 

NS 

Delays  due  to  low  white  blood  cell  counts,  n  (%) 

114  (30.0) 

28  (25.7) 

NS 

Mean  number  for  those  having  delays 

1.7 

2.0 

NS 

Delays  due  to  missed  appointments,  n  (%) 

3.2(12) 

8.3  (9) 

0.02 

Mean  number  for  those  having  delays 

1.1 

1.8 

0.07 

Delays  and  termination  of  treatment  due  to  side  effects,  n  (%) 

30  (7.9) 

7  (6.4) 

NS 

Mean  number  for  those  having  delays 

1.1 

1.1 

NS 

Delays  due  to  surgical  complications,  n  (%) 

2(0.5) 

2(1.8) 

NS 

Mean  number  for  those  having  delays 

1 

1.5 

NS 

Delays  due  to  vacations,  n  (%) 

11  (2.9) 

2(1.8) 

NS 

Mean  number  for  those  having  delays 

1.1 

1.0 

NS 

Termination  of  treatment  due  to  patient  decision,  n  (%) 

4(1.1) 

4(3.7) 

0.06 

Table  5.  Logistic  regression  to  predict  dose  reductions  at  initiation  of  treatment,  selected  results 


Variable 

Healthy  weight  and  underweight  white 

Healthy  weight  and  underweight  African-American 

Overweight  African-American 

Obese  African  American 

Overweight  white 

Obese  white 

Age  at  diagnosis 

Presence  of  comorbidity 

White  blood  cell  count  at  start  of  chemotherapy 

Private  insurance 

Census  block  group  per  capita  income  >  median 
Treated  before  1993 


Odds  ratio  95%  Cl 


1.00 

- 

_ 

3.73 

1.27-10.96 

0.02 

19.39 

4.57-82.21 

<0.001 

11.54 

3.21-41.54 

<0.001 

5.19 

2.19-12.29 

<0.001 

21.40 

7.88-58.10 

<0.001 

1.02 

0.99-1.05 

0.18 

0.50 

0.18-1.36 

0.17 

1.02 

0.86-1.21 

0.81 

1.55 

0.56-4.28 

0.40 

0.49 

0.25-0.98 

0.04 

3.48 

1.63-7.41 

0.001 
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Discussion 

We  have  identified  systematic  differences  in  the 
administration  of  chemotherapy  given  to  African- 
American  women  and  to  overweight  and  obese  women 
regardless  of  race.  African-Americans  and  overweight 
and  obese  women  in  our  sample  received  lower  ad¬ 
juvant  chemotherapy  dose  proportion  and  dose 
intensity  after  correcting  for  clinical  and  other 
sociodemographic  characteristics.  We  have  also 
demonstrated  that  more  African-Americans  had 
chemotherapy  dose  reductions  for  the  first  cycle  of 
treatment,  independent  of  weight  and  that  overweight 
and  obese  women  had  more  initial  dose  reductions,  in¬ 
dependent  of  race.  The  relationships  between  race  and 
BMI  and  our  outcome  measures  of  dose  proportion, 
dose  intensity,  and  first  cycle  dose  reductions  were 
strengthened  when  we  controlled  for  tumor  character¬ 
istics,  coexisting  medical  problems,  income,  type  of 
insurance,  and  reasons  for  dose  changes  and  treatment 
delays  (including  missed  appointments). 

Biological  and  medical  reasons,  such  as  differ¬ 
ences  in  tolerance  of  therapy,  comorbidity,  or  leuko¬ 
cyte  counts,  do  not  explain  the  differences  in  adjuvant 
chemotherapy  treatment  between  African-American 
and  white  women.  There  is  no  evidence  in  our  sub¬ 
jects  that  the  African-American  patients  experienced 
more  chemotherapy  dose  delays  due  to  side  effects 
than  whites,  and  in  fact  others  have  found  that  there 
may  be  greater  tolerance  of  therapy  among  African- 
Americans  [29].  We  also  found  no  evidence  that 
delays  due  to  low  ANC  account  for  the  lower  dose 
proportion  and  RDI  among  African-Americans;  more 
of  the  whites  in  our  sample  had  delays  in  treatment  due 
to  low  ANC  (40.8%  of  whites  v.s.  24.8%  of  African- 
Americans,  p  =  0.002).  Thus,  despite  the  association 
of  black  race  with  lower  leukocyte  counts  [30,  31], 
we  found  no  evidence  that  lower  white  blood  cell 
counts  accounted  for  the  difference  in  dose  proportion 
or  RDI  among  the  whites  and  African-Americans  in 
our  sample. 

Measures  of  SES,  such  as  per  capita  income  of 
the  census  block  group  and  the  type  of  health  care 
insurance,  do  not  appear  to  play  a  role  in  the  treat¬ 
ment  differences  we  found.  It  is  likely  that  SES  would 
play  a  greater  role  in  patterns  of  care  such  as  referral 
for  chemotherapy,  recommendations  for  chemother¬ 
apy,  and  perhaps  acceptance  of  therapy  by  the  patient 
rather  than  the  quality  of  chemotherapy  administered 
once  the  decision  to  treat  with  adjuvant  chemother¬ 
apy  is  made.  Missed  appointments,  more  common  in 


the  African-Americans,  were  associated  with  a  lower 
dose  intensity  and  may  reflect  the  challenges  posed  by 
economic  obstacles,  such  as  difficulties  with  transpor¬ 
tation  or  with  job-related  barriers.  A  limitation  of  this 
study  is  the  fact  that  income  and  education  informa¬ 
tion  were  not  available  at  the  level  of  the  individual. 
Most  of  our  measures  of  SES  (other  than  type  of  in¬ 
surance)  are  based  on  census  block  group  assignment. 
The  use  of  census-level  data  has  been  validated  as  a 
method  for  overcoming  missing  socioeconomic  data 
in  patient  records  [26],  but  had  we  been  able  to  col¬ 
lect  individual-level  SES  information,  such  as  income, 
education,  wealth,  and  occupation,  we  may  have  found 
an  association  with  SES  and  our  measures  of  quality 
of  care.  Moreover,  chart  audit,  no  matter  how  detailed, 
cannot  provide  information  on  family  roles,  such  as 
care  of  young  children  or  elderly  parents,  and  social 
support  networks.  These  factors  may  account  for  some 
of  the  observed  treatment  differences  between  ethnic 
groups. 

Much  of  the  literature  on  health  care  disparities  has 
demonstrated  that  African-Americans  are  less  likely 
than  whites  to  receive  intervention  for  the  same  con¬ 
dition.  For  example,  Bach  et  al.  demonstrated  that 
African-Americans  are  less  likely  to  have  potentially 
curative  surgery  for  stage  I  or  II  lung  cancer  [32], 
and  Mandelblatt  et  al.  recently  confirmed  previous 
findings  that  African-American  Medicare  beneficia¬ 
ries  are  less  likely  to  have  radiation  therapy  after  breast 
conserving  surgery  [33].  In  these  cases,  it  is  diffi¬ 
cult  to  determine  at  which  point  in  the  process  of 
care  the  disparity  arises:  Are  patients  not  being  re¬ 
ferred  for  surgery  or  radiation?  Are  they  not  being 
offered  such  therapies?  Or  are  they  declining  treat¬ 
ments  that  are  offered  to  them?  Our  study  focuses  on 
the  patterns  of  care  in  patients  who  have  been  referred 
to  medical  oncology  care,  have  been  advised  to  re¬ 
ceive  chemotherapy,  and  have  agreed  to  start  adjuvant 
chemotherapy.  Our  process  measures  of  dose  propor¬ 
tion  and  RDI  are  focused  therefore  on  what  has  been 
called  'realized  access*,  that  is,  access  to  and  receipt 
of  high  quality  care  necessary  for  favorable  outcomes 
[34].  It  appears  that  African-American  women  are  ex¬ 
periencing  a  different  process  of  care  than  the  white 
women  and  that  two  of  the  possible  factors  -  biolog¬ 
ical  and  socioeconomic  factors  -  do  not  explain  these 
variations. 

An  additional  explanation  for  the  racial  disparities 
in  the  administration  of  chemotherapy  we  describe  is 
that  interactions  between  health  care  providers  and 
their  African-American  patients  differ  from  those  with 
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their  white  patients  [35-38].  Health  care  providers,  the 
majority  of  whom  are  non-minority,  may  hold  beliefs 
and  assumptions,  conscious  or  unconscious,  about 
their  patients*  ability  to  comply  with  or  to  tolerate 
chemotherapy  and  the  side  effects,  and  these  assump¬ 
tions  may  differ  according  to  patient  race/ethnicity. 
In  a  survey  of  193  physicians  with  a  total  of  over 
618  patient  encounters,  physicians  perceived  African- 
American  patients  as,  among  other  things,  less  likely 
to  adhere  to  medical  advice,  more  likely  to  lack  social 
support,  and  less  likely  to  participate  in  cardiac  reha¬ 
bilitation  [37].  In  our  study,  the  association  between 
race  and  first  cycle  dose  reductions  may  reflect  sim¬ 
ilar  differences  in  physician  assumptions  about  their 
African-American  patients  in  terms  of  the  patients*  so¬ 
cial  support  or  ability  to  tolerate  chemotherapy.  The 
disparities  in  care  that  we  have  described  may  also 
reflect  communication  gaps  between  patient  and  pro¬ 
vider  about,  for  example,  the  goals  of  therapy,  the 
anticipated  side  effects,  the  management  of  side  ef¬ 
fects,  and  the  potential  impact  of  dose  reductions  and 
delays  [35, 37,  39]. 

As  with  African-American  women,  overweight 
and  obese  women  appear  to  be  experiencing  system¬ 
atic  differences  in  chemotherapy  administration  inde¬ 
pendent  of  comorbidity,  SES,  treatment  site,  and  age. 
Multiple  investigators  have  challenged  the  practice  of 
reducing  chemotherapy  doses  in  obese  women,  a  prac¬ 
tice  motivated  by  a  desire  to  avoid  excessive  toxicity. 
There  is  mounting  evidence  that  obese  women  do  not 
experience  increased  toxicity  when  dosed  according  to 
actual  body  weight  and  that  the  use  of  ideal  or  adjusted 
body  weight  may  in  fact  compromise  efficacy  [21,  22, 
40,41]. 

Of  note,  our  findings  did  not  apply  only  to 
the  obese  women  (BMI  >  30).  Compared  to  healthy 
weight  and  underweight  whites,  whites  who  are  clas¬ 
sified  as  ‘overweight*  (25  <  BMI  <  30)  were  over  five 
times  as  likely  to  have  a  first  cycle  dose  reduction,  and 
overweight  African-Americans  were  19  times  more 
likely  to  experience  such  a  dose  reduction.  Our  re¬ 
sults  are  similar  to  those  in  a  study  of  over  500 
women  treated  with  breast  cancer  adjuvant  chemother¬ 
apy  between  1990  and  1998  at  a  single  site  in  Toronto, 
Ontario.  In  this  study,  the  majority  of  patients  pre¬ 
scribed  a  first  cycle  dose  reduction  were  overweight 
rather  than  obese  [20].  Our  finding  that  dose  reduc¬ 
tions  for  the  first  cycle  of  chemotherapy  were  less 
common  after  the  1993  suggests  that  some  providers 
have  changed  their  prescribing  practices  for  some  of 
their  patients. 


We  studied  women  treated  before  the  widespread 
use  of  granulocyte  colony  stimulating  factor  (G-CSF) 
in  patients  undergoing  breast  cancer  adjuvant  chemo¬ 
therapy.  Practice  patterns  and  the  resulting  dose  pro¬ 
portion  and  dose  intensity  may  be  altered  by  use  of 
G-CSF;  the  impact  of  G-CSF  on  dose  proportion  and 
dose  intensity  in  different  populations  would  be  an 
area  worth  investigating. 

Further  exploration  of  the  underlying  reasons  for 
these  discrepancies  in  the  administration  of  adjuvant 
chemotherapy  may  identify  correctable  causes  of  out¬ 
come  disparity  in  breast  cancer.  Dose  proportion  and 
dose  intensity  of  standard  dose  adjuvant  chemother¬ 
apy,  measured  using  the  RDI  or  the  summation  dose 
intensity  of  Hryniuk  et  al.[42],  may  represent  mea¬ 
sures  of  quality  of  care  [43]  that  could  be  used  further 
in  examining  disparities  in  cancer  outcome.  In  partic¬ 
ular,  the  practice  of  first  cycle  dose  reduction  that  we 
observed  suggests  differences  in  prescribing  patterns 
according  to  patient  characteristics. 

Would  our  findings  be  replicated  in  other  popula¬ 
tions  in,  for  example,  other  geographic  locations  and 
other  practices?  If  so,  the  strength  of  the  associations 
between  race  and  BMI  with  dose  proportion  and  in¬ 
tensity  would  be  compelling.  If  our  findings  were  not 
consistently  seen  in  other  settings,  such  variability 
in  practice  would  further  suggest  that  dose  propor¬ 
tion,  dose  intensity,  and  the  use  of  first  cycle  dose 
reductions  are  all  modifiable  patterns  of  care. 
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